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Acetonitrile and hexane, HPLC grade, were purchased from MERCK KGaA, Darmstadt, Germany. Magnesium sulphate anhydrous p.a. and sodium chloride p.a., were purchased from CHEMPUR SA, Piekary Śląskie, Poland. PSA, C18, Bond Elut ENV and Bond Elut Florisil Bulk Sorbent derived from AGILENT T ECHNOLOGIES, Santa Clara, USA. EPA 525 PAH Mix -B (containing 12  compounds: acenaphthylene, anthracene, benzo [a] anthracene, benzo [b] fluoranthene, benzo [k] fluoranthene, benzo [a] pyrene, chrysene, dibenzo [a,h] anthracene, fluorene, indeno [1,2,3-cd] pyrene, phenanthrene, and pyrene), chrysene-d12 (internal standard) and anthracene-d10 (syringe standard) were obtained from SUPELCO, Bellefonte, USA. Stock, intermediate and working standard solutions of compounds at concentration 1 µg/mL were prepared in hexane.
Instrumentation
Varian 4000 GC/MS (AGILENT T ECHNOLOGIES, Santa Clara, USA) system consisted of 3800 GC with CP -8410 autoinjector (BRUKER, Billerica, USA) and a 4000 Ion Trap MS detector were used to conduct the GC-MS analyses. T he injector was CP-1177 Split/Splitless Capillary Injector, with a temperature of 270 ºC, and an injection volume of 1.0 µL. Each injection was performed in triplicate. Chromatographic separations were performed using a DB-5MS column (30 m x 0.25 mm x 0.25 μm; AGILENT TECHNOLOGIES, Santa Clara, USA). T he GC oven was operated with the following temperature program: initial temperature 50 ºC (1.0 min) -15 ºC/min -320 ºC (6.0 min). Helium 5.0 (Linde Group, Munich, Germany) was used as the GC carrier gas at a flow rate of 1.0 mL/min. T he ion trap mass spectrometer was operated in the internal ionisation mode, scan from m/z 45 to 500. The emission current of the ionisation filament was set at 15 µA. Analyses were conducted in the selected ion monitoring mode (SIM) based on the use of one quantitative ions. Analysed compounds were identified according to their qualitative ions and retention times (Tab. 1). The trap and the transfer line temperatures were set at 180 and 220 °C respectively. T he analyses were carried out with a solvent delay of 8.0 min. Acquisition and processing data were performed using Varian Start Workstation software and NIST 2.0 library.
Sample pre paration
T he whole experiment was divided into two parts: in the first step of the study an optimisation of the sample preparation procedure using different sorbents and preconcentration methods was made. T he best variant of the method was then applied in real sample analysis. The usefulness of the tested combinations was verified on the basis of the recovery ratio of analysed compounds (analysis of spiked samples to the level of 20 μg/kg). Recovery studies involved three cocoa samples being fortified with the standard solution. The extraction procedure was thoroughly described in our previous work (Sadowska-Rociek et al., 2014a). However, in this experiment another sorbents, which could remove interferents from cocoa, were tested. In brief, the sample preparation process was based on the PAH extraction with water and acetonitrile, and separation salts (NaCl and MgSO4), followed by clean-up step by dispersive SPE using 0.15 g PSA, and 0.3 g of other sorbent (florisil, C18 or Bond Elut ENV). Finally, at t he end of the procedure, the extracts were evaporated to dryness (evaporation, E) or liquidliquid extraction (LLE) was applied as it was invented and described previously (Sadowska-Rociek et al., 2014b). The extracts were then analysed by GC-MS. Blank samples and reagent blanks were prepared similarly but were not fortified. A series of standard solutions in hexane were prepared by dilution of the standard mixture solution at the ranges: 0.1, 1, 5, 10, 40, 70 and 100 ng/mL.
RESULTS AND DISCUSSIO N Me thod optimisation
In the first step of the experiment, three other sorbents, besides PSA, and two procedures of final extract preparation were applied in optimisation of the procedure. Primary secondary amine (PSA) removes sugars, fatty and other acids, C18, a hydrophobic sorbent, is used for removal non -polar compounds, such as fat. ENV, a PS/DVB polymer, is designed for the extraction of polar organic residues. Florisil, a magnesia-loaded silica gel, is extremely polar in nature and ideal for the isolation of polar compounds from non-polar matrices (AGILENT TECHNO LO GIES, 2014). Taking into consideration the properties of these sorbents it was assumed that they could remove the interfering compounds from the extracts of cocoa samples, without lost of the analytes. Finally, we compared the yield of evaporation and liquid-liquid exchange step. T he recoveries within 50-120%, according to Regulation 836/2011 (2011) for all 13 compounds were observed in the variant in which C18 sorbent was used for the clean-up the extract, coupled to liquid-liquid extraction (Fig. 1.) . The use of ENV did not reach the established limits of the recovery, in particular for the heaviest compounds. T he application of florisil, also in the combination with LLE, resulted in similar values of recoveries to C18. However, taking into account the occurrence of the interferents on the GC-MS chromatograms, it was claimed that neither florisil nor C18 used separately, did not provide the appropriate clean-up of the extract. Thus, it was decided to combine florisil with C18 and LLE. T his variant gave also still acceptable recoveries of PAHs with the effective removal of undesirable matrix components. Finally, liquid-liquid extraction based on the exchange acetonitrile to hexane, comparing to evaporation, was another improvement of extract purification. The repeatability of recovery values, calculated as the relative standard deviation (RSD) in the spiked samples, was lower than 20% for almost all samples.
Figure 1
Recovery ratio of PAHs using various combination of sorbents (flo -florisil; E -evaporation; env -Bond Elut ENV; LLE -liquid liquid extraction) T ab. 1 summarizes an analytical performance of the method. The values of r were higher than 0.99 for all compounds. Limit of detection (LOD) and limit of quantification (LOQ) were estimated basing on the signal of the background noise measured from the chromatograms of standard at the lowest calibration level. T he limit of detection was calculated as three times higher than the level of noise, and the limit of quantification were equal to three times of the detection limit. LOQs for all compounds were lower than 1 μg/kg, except of benzo[g,h,i]perylene. 
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In the second part of the study, the optimised method was used to analyse 10 samples of cocoa, available on Polish market in 2014. Preparation of the samples was performed according to the procedure described above with the application of PSA + flo + C18 + LLE. T he concentrations of PAHs identified in the analysed samples were presented in Tab. 2. The total sum of PAHs ranged from 102.58 to 174.14 μg/kg. However, this amount resulted mainly from the dominating presence of light, three-ring PAHs. In all samples only four compounds belonging to the group of PAHs were detected: acenaphthylene, fluorene, phenanthrene, and pyrene (Tab. 2). Within these compounds, the highest value was observed for phenanthrene (60.04-79.04 μg/kg) and lowest for acenaphthylene (1.83-9.79 μg/kg). Additionally, in six samples anthracene was detected in the ranges 1. 
CO NCLUSIO N
In general, a modification of QuEChERS method for PAH determination in cocoa samples has been proposed. During the method optimisation it was found that the use of PSA + florisil + C18 + LLE gave the best results of the recovery and the cleanest extracts of the samples. In the study of real samples of cocoa, compounds belonging to light PAHs were mostly identified. The content of the most dangerous heavy polycyclic aromatic hydrocarbons, including PAH markers, did not exceed the limits established by EU in any of investigated samples.
